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Abstract 

A  micro-porous  polymer  blend  electrolyte  based  on  polyvinylidene  fluoride-co-hexa  fluoropropylene  (PVdF-co-HFP)  and  polyacrylonitrile 
(PAN)  was  prepared  by  phase  inversion  technique  with  different  compositions.  The  ionic  conductivity  of  micro-porous  polymer  blend 
electrolyte  films  were  studied  by  varying  the  PAN  content  in  the  (PVdF-co-HFP)  matrix.  It  was  observed  that  the  ionic  conductivity  of 
micro-porous  polymer  blend  electrolyte  increases  with  increase  in  PAN  content.  The  effect  of  lithium  salt  concentrations  was  studied  for  the 
micro-porous  polymer  blend  electrolyte  by  measuring  the  conductivity  at  different  temperatures  in  the  range  of  301-353  K.  The  micro-porous 
polymer  blend  electrolyte  was  subjected  to  XRD,  SEM  and  TG/DTA  analysis  to  determine  the  amorphosity  nature,  surface  morphology  and 
thermal  stability  of  the  polymer  electrolyte,  respectively.  Linear  sweep  voltammetry  and  dc -polarization  studies  were  also  performed  to  find 
the  stability  and  lithium  transference  number  of  micro-porous  polymer  blend  electrolyte,  respectively.  Finally,  charge-discharge  studies  were 
carried  out  in  an  assembled  cell  with  carbon  anode  and  LiSr0  2jMni  75O4  cathode  and  micro-porous  polymer  blend  electrolyte  in  between  the 
above  electrodes. 
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1.  Introduction 

In  recent  years,  there  has  been  a  growing  demand  for 
high-energy  density  rechargeable  lithium  batteries  for 
portable  electronic  products  because  of  their  advantages 
including  safety,  high-energy  density,  high  single  cell 
voltage,  geometry  and  no  memory  effect.  However,  the 
ionic  conductivity  of  polymer  electrolytes  is  generally  low, 
often  too  low  for  practical  application.  To  improve  the  basic 
requirements  of  the  polymer  electrolyte,  various  processes 
have  been  used  such  as  electrochemical  stability  towards 
lithium  battery  electrodes,  compatibility  with  the  electrode 
materials,  reasonable  ionic  conductivity,  sufficient  thermal 
stability  and  good  mechanical  stability.  General  methods  for 
preparing  the  gel  polymer  electrolytes  require  a  moisture-free 
environment  because  of  higher  water  sensitivity  of  lithium 
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polymer  electrolytes  prepared  through  this  method  cause  the 
electrolytes  to  lose  much  of  their  mechanical  strength.  The 
mechanical  properties  of  the  film  can  be  enhanced  either  by 
chemical  or  mechanical  curing,  which  is  expensive.  In  order 
to  overcome  these  problems,  a  micro-porous  polymer  elec¬ 
trolyte  is  prepared  for  lithium  batteries  by  a  phase  inversion 
process.  A  micro-porous  polymer  membrane  is  prepared 
and  then  soaked  in  an  electrolyte  solution  and  then  inves¬ 
tigated  [1 — 4],  This  membrane  has  a  capability  to  absorb  an 
electrolyte  solution  without  leakage  and  has  chemical  com¬ 
patibility  with  electrode  materials  and  adhesive  properties 
for  adhering  the  electrodes  to  the  micro-porous  separator  [5]. 
A  few  polymer  candidates  can  meet  the  above  requirements. 
Among  the  few  polymers,  polyvinylidene  fluoride-co-hexa 
fluoropropylene  (PVdF-co-HFP)  was  found  to  meet  all  the 
basic  requirements  of  the  polymer  electrolyte  [6,7].  But 
the  ionic  conductivity  of  PVdF-co-HFP  based  polymer 
electrolyte  is  not  very  good.  In  order  to  improve  the  ionic 
conductivity,  an  easily  homogeneous  hybrid  film  forming 
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polymer  like  polyacrylonitrile  (PAN)  was  chosen  to  blend 
with  the  above  PVdF-co-HFP  matrix  in  which  the  Li-salt, 
and  plasticizer  were  molecularly  dispersed  [8].  A  PVdF- 
co-HFP-PAN  based  polymer  blend  electrolyte  has  been 
developed. 

In  the  present  investigation,  an  attempt  has  been  made  to 
prepare  micro-porous  polymer  blend  electrolytes  by  a  phase 
inversion  process  followed  by  adopting  an  activation  process 
in  which  a  polymer  blend  film  is  soaked  in  an  electrolyte 
solution  to  get  a  polymer  blend  electrolyte.  Finally,  the  struc¬ 
tural  and  electrochemical  properties  of  PVdF-co-HFP-PAN 
based  micro-porous  polymer  blend  electrolyte  have  also  been 
investigated. 

2.  Experimental 

PVdF-co-HFP  with  an  average  molecular  weight  of 
>500,000  (Aldrich,  USA),  PAN  with  an  average  molecular 
weight  of  >100,000  (Aldrich,  USA)  and  LiC104  (E-Merck, 
Germany)  were  dried  under  vacuum  oven  at  100  °C  under 
10“  3  Torr  pressure  for  48  h.  EC&DEC  (Across  Organic,  Bel¬ 
gium)  were  purified  by  distillation  under  reduced  pressure. 

Different  compositions  of  micro-porous  polymer  blend 
films  were  obtained  by  phase  inversion  techniques  as 
described  elsewhere  [9,10].  The  polymers  PVdF-co-HFP  and 
PAN  were  dissolved  in  DMF.  The  resultant  viscous  solu¬ 
tion  was  spread  as  a  film  on  a  glass  substrate  using  Doctors 
blade.  Finally,  the  film  was  dried  at  80  °C  in  a  vacuum  oven 
under  10-3  Torr  pressure  for  3  h  to  remove  any  further  traces 
of  DMF.  The  thickness  of  the  micro-porous  film  was  in  the 
range  of  150-200  p,m.  The  films  were  soaked  in  1  M  LiCICU 
in  EC&DEC  (1:1,  v/v)  for  18  h  to  get  a  micro-porous  gel 
polymer  electrolyte.  Finally,  the  effect  of  salt  concentrations 
was  studied  for  the  polymer  electrolyte  of  the  high  ionic  con¬ 
ductivity  system. 

The  crystalline  structure  of  the  resultant  micro-porous 
polymer  blend  electrolyte  films  was  investigated  by  JOEL- 
X-ray  diffractometer  (JDX-8030).  SEM  studies  were  carried 
out  with  JOEL-Scanning  electron  microscope  (JSM-35CF) 
to  find  the  surface  morphology  of  PVdF-co-HFP-PAN  based 
polymer  film,  micro-porous  polymer  blend  membrane  and 
micro-porous  polymer  blend  electrolyte.  TG/DTA  data  were 
obtained  between  0  and  700  °C  employing  Dupont-DTA/TG 
analyzer  at  the  scan  rate  of  10  °C  min-1  under  N2  atm. 

Conductivity  measurements  were  performed  by  sand¬ 
wiching  the  polymer  electrolyte  in  between  two  stainless  steel 
(SS)  electrodes  using  EG&G  electrochemical  impedance 
analyzer  over  a  frequency  range  of  10-100  kHz  at  various 
temperatures  in  the  range  of  25-80  °C.  The  electrochemi¬ 
cal  stability  of  micro-porous  polymer  blend  electrolyte  was 
evaluated  with  cell  featuring  stainless  steel  as  working  elec¬ 
trode  and  lithium  as  counter  and  reference  electrode  by  linear 
sweep  voltammetry  at  25  °C.  The  cell  was  assembled  in  a  dry 
box  under  argon  atmosphere  at  a  scan  rate  of  1  mV  s-1  was 
preferred  to  study  the  system  under  investigation. 


The  K.M.  Abraham  and  Z.  Jiang  method  is  adopted  to 
evaluate  the  transference  number  of  micro-porous  polymer 
electrolyte  by  placing  the  polymer  electrolyte  in  between  two 
symmetrical  lithium  metal  electrodes  as  described  previously 
[1U2], 

Carbon  and  LiSro.25Mni  75O4  were  employed  as  negative 
and  positive  electrodes,  respectively.  The  laminated  cell  C/ 
micro-porous  polymer  blend  electrolyte/  LiSro.25Mn1.75O4 
was  assembled  in  a  dry  box  under  argon  atmosphere.  The 
charge-discharge  studies  were  performed  at  C/10  rate  and 
with  the  cut-off  voltages  as  4.5  and  3.0  V  for  the  upper  and 
lower  limits,  respectively,  to  prevent  the  decomposition  of 
polymer  electrolyte. 

3.  Results  and  discussion 

3.1.  X-ray  diffraction  studies 

In  order  to  investigate  the  influence  of  various  concentra¬ 
tions  of  Li-salt  on  polymer  blend  film,  XRD  studies  were 
performed  on  various  micro-porous  polymer  films  soaked  in 
1  M  LiC104,  2  M  LiC104,  3  M  LiC104,  4  M  LiC104  and  5  M 
LiC104  electrolyte  solutions.  But  only  the  X-ray  diffraction 
patterns  of  PVdF-co-HFP-PAN  based  micro-porous  polymer 
films  soaked  in  4  M  LiC104  and  5  M  LiC104  solutions  are 
given  in  Fig.  l(a  and  b).  It  can  be  seen  from  Fig.  1(a)  that  a 
decrease  in  relative  intensity  with  broadening  of  the  apparent 
peak  was  observed  when  compared  with  other  complexes. 
This  may  create  interaction  between  the  salt-plasticizer, 
plasticizer-polymer  and  salt-polymer,  which  results  in  the 
micro-porous  gel  polymer  electrolyte  with  lower  crystallinity 
with  rich  amorphous  phase  which  is  manifested  by  the  broad 
diffraction  peak  centered  at  20  =  20.40°.  Further  increase  in 
salt  concentration  (5  M  LiC104)  increases  the  relative  inten¬ 
sity  of  diffractogram  peak  due  to  undissociation  of  LiC104 
salt  (Fig.  1(b))  which  is  manifested  by  the  broad  diffraction 
peak  centered  at  20  =  1 9.00° .  Thus,  the  X-ray  diffraction  stud¬ 
ies  reveal  the  complex  formation  in  the  polymer  matrices. 


Fig.  1 .  X-ray  diffraction  patterns  for  micro-porous  polymer  film  soaked  in: 
(a)  4  M  and  (b)  5  M  LiC104  electrolyte  solution. 
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Fig.  2.  SEM  photographs  for  PVdF-HFP/PAN  based:  (a)  polymer  film,  (b) 
micro-porous  polymer  membrane  and  (c)  micro-porous  polymer  electrolyte. 

3.2.  SEM  studies 

Fig.  2(a-c)  shows  scanning  electron  micrographs  of 
PVdF-co-HFP-PAN  based  polymer  blend  film  and  micro- 
porous  polymer  blend  film  of  high  ionic  conductivity,  before 
and  after  soaking  in  4  M  LiClC>4  electrolyte  solution.  It  can  be 
seen  from  Fig.  2(a)  that  the  complete  miscibility  of  the  PVdF- 
co-HFP-PAN  based  polymer  blend  film  with  no  pores  and 
voids.  After  phase  inversion  process,  the  polymer  blend  film 
has  large  voids  and  cavities  of  almost  uniform  size  as  shown 
in  Fig.  2(b).  Hence,  the  uptake  of  electrolyte  solution  by  this 
polymer  membrane  is  higher  than  the  conventional  polymer 
film  and  the  phase  separation  could  also  be  observed  in  the 
micro-porous  polymer  membrane  when  it  is  impregnated  in 
the  electrolyte  solution  which  is  evident  from  Fig.  2(c).  Dur¬ 
ing  this  soaking  process,  PAN  is  swelled  in  preference  to 
PVdF-co-HFP,  and  therefore,  the  immobilization  of  PVdF- 
co-HFP  rich  phase  followed  by  the  phase  separation  occurred. 
This  PVdF-co-HFP  rich  phase  pulls  the  liquid  electrolyte  in 


Fig.  3.  TG/DTA  curves  for  micro-porous  polymer  electrolyte  of  high  ionic 
conductivity. 

the  course  of  phase  separation.  Hence,  the  liquid  electrolyte 
contact  with  PVdF-co-HFP  rich  phase  is  much  lower  than  the 
PAN  rich  phase. 

3.3.  Thermal  studies 

The  thermal  stability  of  the  polymer  electrolyte  is  also  an 
important  parameter  to  guarantee  acceptable  performances  in 
lithium  batteries.  Fig.  3  shows  the  TG/DTA  curve  of  micro- 
porous  polymer  blend  electrolyte  of  high  ionic  conductivity 
system.  The  TG  curve  reveals  that  the  sample  starts  to  loose  its 
mass  at  the  temperature  below  148.17  °C.  This  initial  loss  is 
due  to  the  evaporation  of  residual  solvent  and  the  transition 
of  the  electrolyte  film  and  the  volatilization  of  monomers 
and  oligomers  adsorbed  in  the  matrix  can  also  be  responsible 
for  this  initial  mass  loss  [13].  It  is  also  observed  that  the 
transition  has  occurred  at  128.57  °C  with  a  weight  loss  of 
20%  followed  by  the  first  decomposition  which  takes  place  at 
161.90  °C  with  gradual  weight  loss  of  about  33.63%.  Beyond 
this  temperature,  there  is  a  rapid  weight  loss  of  57%  upto 
340.20  °C.  Complete  decomposition  of  the  film  takes  place 
between  467.85  and  571.42  °C  with  corresponding  weight 
loss  of  about  61.88  and  80%,  respectively. 

In  the  DTA  curve,  two  endothermic  peaks  were  observed 
at  371.42  and  519.04  °C  followed  by  four  exothermic  peaks 
at  312.46,  335.16,  504.26  and  533.96  °C,  respectively.  The 
first  decomposition  temperature  occurs  in  the  range  of 
207-361.90  °C,  and  it  is  accompanied  by  two  large  exother¬ 
mic  peaks  at  312.46  and  335.16  °C  followed  by  two  exother¬ 
mic  peaks  at  504.26  and  533.96  °C,  respectively,  with  an 
appreciable  weight  loss  of  about  76.87%.  This  indicates 
the  complete  decomposition  of  the  polymer  electrolyte  film, 
which  is  in  good  agreement  with  the  TG  curve.  From,  the 
above  discussion,  it  is  concluded  that  the  thermal  stabil¬ 
ity  limit  of  the  micro-porous  polymer  blend  electrolyte  is 
161.90°C. 

3.4.  Conductivity  studies 

The  ionic  conductivity  of  micro-porous  PVdF-co-HFP- 
PAN  based  polymer  blend  electrolytes  was  measured  with 
an  intention  of  finding  the  part  played  by  PAN  in  the  blend. 
Hence,  the  ionic  conductivities  of  the  (PVdF-co-HFP-PAN) 
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Table  1 

Conductivity  data  of  micro-porous  polymer  electrolyte  at  room  temperature 


Serial  number 

PVdF-HFP  (%) 

PAN  (%) 

Conductivity  (S  cm  1 ) 

i 

too 

0 

1.52  x  10“3 

2 

90 

10 

1.67  x  10“3 

3 

80 

20 

1.78  x  10“3 

4 

70 

30 

1.86  x  10“3 

5 

60 

40 

1.92  x  10“3 

6 

50 

50 

2.02  x  10“3 

Table  2 


Ionic  conductivity  values  of  micro-porous  polymer  membrane  soaked  in  dif¬ 
ferent  concentrations  of  LiClC^  electrolyte  solution  at  various  temperatures 


Concentration 

Ionic  conductivity 

x  10  3  (Scm  *) 

298  K 

313  K 

323  K 

333  K 

343  K 

353  K 

1  M  LiC104 

2.02 

3.12 

4.63 

5.80 

6.59 

7.91 

2  M  LiC104 

2.46 

3.72 

4.90 

6.14 

7.36 

8.63 

3  M  LiC104 

2.73 

3.94 

5.17 

6.95 

8.94 

9.01 

4  M  LiC104 

3.41 

4.27 

5.76 

7.14 

9.13 

9.70 

5  M  LiC104 

3.37 

4.01 

5.24 

6.99 

9.09 

9.43 

micro-porous  polymer  blend  electrolyte  were  measured  by 
varying  the  content  of  the  blend  in  various  proportions  and  are 
given  in  Table  1.  From  Table  1,  it  can  be  seen  that  the  micro- 
porous  polymer  blend  electrolyte  has  two  conductive  phases: 
one  is  the  swollen  polymer  chain,  and  the  other  is  the  liquid 
electrolyte  in  the  cavities  and  also  increase  in  PAN  content 
in  the  PVdF-co-HFP  matrix  increases  the  conductivity  due 
to  the  higher  intake  of  the  electrolyte  solution. 

Also,  the  variation  of  ionic  conductivity  has  been  ana¬ 
lyzed  by  varying  the  electrolyte  salt  concentrations  keeping 
the  (PVdF-co-HFP-PAN)  blend  ratio  constant  at  different 
temperatures  in  between  25  and  80  °C  (Table  2).  It  can  be 
seen  from  Table  2  that  the  ionic  conductivity  of  micro-porous 
polymer  blend  electrolyte  depends  on  the  concentration  of 
the  conductivity  species  and  their  mobility.  The  effect  of 
lithium  salt  concentrations  in  the  polymer  matrix  on  loga¬ 
rithmic  scale  conductivity  is  shown  in  Fig.  4.  It  can  be  seen 
from  the  Fig.  4  that  the  ionic  conductivity  increases  with 
increase  in  Li-salt  concentration  upto  4  M  LiCICL  and  it  was 


Fig.  4.  Dependence  of  ionic  conductivity  on  salt  concentration  for  micro- 
porous  polymer  electrolyte  at  various  temperatures. 


1000/T  (K'1) 

Fig.  5.  Arrhenius  plot  of  micro-porous  polymer  electrolyte  for  different  salt 
concentrations:  (a)  1  M,  (b)  2  M,  (c)  3  M,  (d)  4  M  and  (e)  5  M  LiC104. 

found  to  be  3 .4 1  x  1 0-3  S  cm- 1 .  This  value  is  higher  than  the 
PVdF-co-HFP-PEO  system  [14].  Beyond  this  concentration, 
the  ionic  conductivity  decreases.  This  is  due  to  undissocia¬ 
tion  of  Li-salt  and  the  formation  of  ion-pairs  and  ion-triplet, 
which  cause  constraint  in  the  polymer  segmental  motion  and 
also  increases  the  crystallinity  nature  of  polymer  electrolyte. 
The  conductivity  also  increases  with  increase  in  temperature 
for  all  concentrations  [15].  Hence,  the  polymer  electrolyte 
obeys  the  VTF  relation.  It  is  due  to  the  amorphous  nature 
of  micro-porous  polymer  blend  electrolyte  which  facilitates 
the  fast  Li-ion  motion  in  the  polymer  network,  and  it  also 
provides  a  higher  free  volume  on  increasing  the  temperature 
[16]. 

Fig.  5  shows  the  Arrhenius  plot  for  micro-porous  poly¬ 
mer  blend  electrolyte  as  a  function  of  Li-salt  concentration 
using  an  optimum  (PVdF-co-HFP-PAN)  blend  ratio.  It  can 
be  seen  from  the  figure  that  the  non-linear  nature  of  plots 
suggest  that  the  increase  in  temperature  increases  the  ionic 
conductivity  is  due  to  an  inverse  in  ionic  mobility  and  also 
segmental  mobility  of  the  polymer  chain  that  will  assist  fast 
ion-transport  which  may  prevent  the  formation  of  ion  cloud. 

3.5.  Electrochemical  stability 

Generally,  the  current-voltage  study  of  the  polymer 
electrolyte  has  been  employed  to  determine  whether  the 
polymer  electrolyte  can  withstand  the  operating  voltage 
of  the  battery  system  or  not  by  linear  sweep  voltammetry 
and  its  corresponding  voltammogram  as  shown  in  Fig.  6. 
It  can  be  observed  from  the  voltammogram  that  the  anodic 
decomposition  limit  of  the  polymer  electrolyte  can  be 
considered  as  the  voltage  at  which  the  current  flows  through 
the  cell.  The  observed  anodic  stability  of  micro-porous 
polymer  electrolyte  is  upto  4.8  V  versus  Li/Li+.  Hence, 
the  polymer  electrolyte  may  have  good  compatibility  with 
high-voltage  electrode  materials. 
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Fig.  6.  Linear  sweep  voltammogram  curve  of  micro-porous  polymer  elec¬ 
trolyte  of  high  ionic  conductivity. 


Table  3 

Transference  number  of  micro-porous  polymer  membrane  soaked  in  differ¬ 
ent  concentrations  of  LiC104  electrolyte  solution 


Concentration 

Transference  number 

1  M  LiC104 

0.624 

2  M  LiC104 

0.682 

3  M  LiC104 

0.701 

4  M  LiC104 

0.782 

5  M  LiC104 

0.761 

3.6.  Transference  number 

In  the  dc-potentiostatic  polarization  of  the  Li/micro- 
porous  polymer  blend  electrolyte  interface,  a  constant  poten¬ 
tial  of  10  mV  was  applied  to  the  symmetrical  Li/micro- 
porous  polymer  blend  electrolyte/Li  cell,  and  the  current 
flowing  through  the  cell  was  recorded  as  a  function  of  time. 
The  transference  number  of  Li+  ion  in  micro-porous  poly¬ 
mer  blend  membrane  soaked  in  different  concentrations  of 
LiC104  electrolyte  solution  is  given  in  Table  3,  and  a  rep¬ 
resentative  dc -polarization  curve  of  micro-porous  polymer 
blend  film  soaked  in  4M  LiC104  electrolyte  solution  is 
shown  in  Fig.  7.  Its  corresponding  ac -impedance  spectrum 
is  obtained  before  and  after  dc -polarization  measurements 
with  an  applied  potential  difference  of  10  mV.  It  can  be  seen 
from  the  polarization  curve  that  the  initial  current  rises  up 
(Io)  and  is  21.64  pA  and  after  the  long  time  of  polarization, 
a  steady  state  current  is  established  at  a  much  lower  level  (/s) 
and  is  16.92  pA  within  about  1 .41  h  and  its  corresponding  ac- 


Fig.  7.  dc-polarization  curve  of  micro-porous  polymer  electrolyte  of  high 
ionic  conductivity. 


Fig.  8.  Charge  and  discharge  curve  of  micro-porous  polymer  electrolyte  film 
of  high  ionic  conductivity. 

impedance  value  such  as  /?£,  Rf,  R°  and  R*  are  7.02,  9.84, 
72.14  and  129.07  £2,  respectively,  which  gives  the  transfer¬ 
ence  number  (T+)  ca.  0.782.  It  reveals  that  both  interfacial 
and  bulk  resistance  did  not  change  significantly  during  the 
dc -potential  polarization  studies,  which  may  be  due  to  the 
unique  stability  between  the  lithium  electrode  and  the  poly¬ 
mer  electrolyte  interface. 

3. 7.  Charge-discharge  studies 

The  charge-discharge  curve  of  carbon/micro-porous  poly¬ 
mer  blend  electrolyte  /LiSro.2sMni .75O4  cell  is  shown  in 
Fig.  8.  It  is  obvious  that  the  cell  at  the  C/10  rate  achieves 
a  capacity  of  135  mAhg-1.  By  comparison  of  the  discharge 
curves  of  micro-porous  polymer  electrolyte  with  liquid  elec¬ 
trolyte,  the  specific  capacity  of  micro-porous  polymer  blend 
electrolyte  is  almost  equal  to  that  of  liquid  electrolyte. 

4.  Conclusion 

The  PVdF-co-HFP-PAN  based  micro-porous  polymer 
blend  electrolyte  can  be  prepared  by  a  phase  inversion 
technique.  The  conductivity  of  PVdF-co-HFP  based  micro- 
porous  polymer  blend  electrolyte  was  influenced  by  increase 
in  PAN  content  and  concentration  of  UCIO4.  It  obeys 
the  Arrhenius  plot  of  conductivity  and  also  the  VTF  rela¬ 
tion.  The  PVdF-co-HFP-PAN  based  micro-porous  poly¬ 
mer  blend  electrolyte  has  the  highest  ionic  conductivity 
of  3.41  x  10_3Scm_1  at  25  °C.  It  has  thermal  stability 
upto  161.90  °C  and  its  anodic  decomposition  voltage  is 
4.82  V  versus  Li/Li+.  Since  it  depends  on  concentrations 
and  types  of  salt  and  solvents,  etc.,  the  decomposition 
voltage  may  be  extended  to  higher  voltage,  the  transfer¬ 
ence  number  of  PVdF-co-HFP-PAN  based  micro-porous 
polymer  blend  electrolytes  is  0.782,  which  is  higher  than 
that  of  a  PEO  or  PAN  or  PMMA  or  PVdF-co-HFP  alone 
based  gel  polymer  electrolyte  and  also  increases  the  spe¬ 
cific  capacity  of  the  cathode  materials.  This  value  is  almost 
the  same  as  that  of  liquid  electrolytes.  Hence,  PVdF-co- 
HFP-PAN  based  micro-porous  polymer  blend  electrolytes 
are  good  candidates  for  high-voltage  rechargeable  lithium 
batteries. 
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